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Electron microprobe analyses are presented for nine elements in
250 glasses and 434 pyroxenes, eight elements in 113 olivines, and
six elements in 354 feldspars, 35 spinels, and 159 ilmenites. All
grains are from the 125-425 micron fraction of horizon A and horizon
D soil from the Luna 16 sample. The glasses are classified according
to criteria discussed by Jakes' et al., 1971. A norm is presented for
each glass analysis and the structural formula is calculated for each
mineral analysis.
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M I C R O P R O B E A N A L Y S E S OF G L A S S E S AND MINERALS
FROM LUNA-16 SOIL
R, W. Brown, R. S. Harmon, P. Jake?, A. M. Reid,
W. I. Ridley, and J. L. Warner
Planetary and Earth Sciences Division
Manned Spacecraft Center
I N T R O D U C T I O N
Electron microprobe analyses are presented of phases found in material returned
by the Soviet Luna 16 mission. Samples are from the 125 to 425 micron fraction of a
28 mg. sample of horizon A -- the surface layet; and from a 25 mg. sample of horizon
D ~ 30 cm. in depth. Analyses (with accompanying norms or structural formulae) are
presented for glasses, pyroxenes, feldspars, olivines, and oxide minerals. Methods
used are essentially those described by the Apollo Soil Survey (1971 a, b).
The column headings in Tables 1-8 and 11-14 are a ten character code:
L N LN LL NNN L
where N is a digit and L is a letter. From the left the symbols mean:
1. L - horizon of the sample: A - layer A; G - layer D
2. N - size split: 1 - 250 - 400 microns; 2 - 149 - 250 microns; 3 - 125 - 149
microns. Analyses from the 125 - 149 micron fraction (3) constitute che random survey.
3. LN - Number of polished thin section that contains the grain.
4. LL - petrographic code for the analysis. The first character defines the
nature of the host and the second character defines the phase analyzed. The petrc-
graphic codes are:
A - agglutinate or breccia fragment
C - cryptocrystalline lithic fragment
F - feldspar
G - glass
L - igneous textured lithic fragment
0 - olivine
P - pyroxene
X -= oxide mineral
5. NNN - grain number
6. L - sequential letter (A,B,C,...) of analyses from different parts of a grain.
The column headings in Tables 9 and 10 are the following ten character code:
L N LN LL L N NN
Fields 1, 2, 3, and 4 are as described above. The remaining three fields mean:
5. L - igneous fragment letter
6. N - traverse or crystal number
7. NN - analysis number within a given traverse
Analyses and norms of glasses are found in Tables 1 through 5 in order of
increasing FeO content. Each table contains the analyses of those fragments belonging
to one of the glass groups described by Jakes' et al. (1971). The glasses are classified
as follows:
1. Fecunditatis Basaltic Glass Type A
A1203 less than 23*. Ti02 less than 5.
2. Fecunditatis Basaltic Glass Type B
AlpO- less than 23, TiCL greater than 5.
3. Highland Basaltic Glass
A1203 greater than 23, less than 30.
4. Highland Anorthositic Glass
AlpOg greater than 30.
5. Potassic Granite
Si02 greater than 60.
Analyses and structural formulae of pyroxenes are found in Tables 6 through 10.
Tables 6, 7, and 8 list pyroxenes in order of increasing FeO content for low, medium,
and high CaO pyroxenes respectively. Tables 9 and 10 list pyroxene analyses from
traverses within igneous fragments starting in the core of each pyroxene crystal.
Plagioclase, ollvine, and oxide mineral analyses and structural formulae are
listed in Tables 11 through 14. Table 11 contains plagioclase analyses in order of
increasing CaO content. Table 12 lists olivine analyses in order of increasing FeO
content. Spinel and ilmenite analyses are found in Tables 13 and 14 respectively in
order of increasing Ti02 content.
* Numbers in weight percent.
The analyses presented herein have not been published previously save for 18
mineral analyses that appeared in Jakes et al. (1971). The data have been plotted in
diagrams, and average analyses have been published, together with interpretations, in
various papers by us (Jakes et al., 1971 and Reid et al., 1971).
Electron probe analyses were made in the Geochemistry Branch laboratories at the
Manned Spacecraft Center. Matrix corrections follow the method of Mason, Frost, and
Reed (1969). The precision for major elements is ±3 percent of the amount present.
Minor element determinations are less precise; backgrounds were not measured on each
grain and errors may range up to 0.2 weight percent. In most cases the printed
total was arrived at by adding the constituent oxides before rounding off to two
decimal places.
We thank Phyllis Richardson, Bob Bilderback, Conne Bender, Carol Hardy, and Liz
Alley for help in data reduction and manuscript preperation.
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TABLE 1. GLASS ANALYSES - I. FECUNDITATIS TYPE A
TABLE 2. GLASS ANALYSES - II. FECUNDITATIS TYPE B
TABLE 3. GLASS ANALYSES - III. HIGHLAND BASALT
TABLE 4. GLASS ANALYSES • IV. HIGHLAND ANORTHQSITE
TABLE 5. GLASS ANALYSES - V. POTASSIC GRANITE
TABLE 6. PYROXENE ANALYSES - 1. CAO LESS THAN 3.0 »T. PERCENT
TABLE 7. PYROXENE ANALYSES - II. CAO 3.0 TO 7.0 WT. PERCENT
TABLE 8. PYROXENE ANALYSES • III. CAO GREATER THAN 7.0 VT. PERCENT
TABLE 9. PYROXENE ANALYSES - IV. TRAVERSES IN FRAGMENT A
TABLE 10. PYROXENE ANALYSES • V. TRAVERSES IN FRAGMENT 0
TABLE 11. PLAGIOCLASE ANALYSES
TABLE 12. OLIVINE ANALYSES
TABLE 13. OPAQUE HINERAL ANALYSES • I. SPINELS
TABLE 14. OPAQUE HINERAL ANALYSES - II. ILHENITES
TABLE 1. GLASS ANALYSES - I. FECUNDITATIS TYPE A
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TABLE 1. - CONTINUED









































































OR .650 .650 .590 .650 .590 .530
AB 1.780 2.710 3.050 5.330 2.790 2.710
AN 35.380 43.040 43.190 41.760 43.770 45.800
LU - - -
NEPH . . . . . .
WO 13.690 6.370 6.930 5.850 7.000 5.880
EN 15.920 16.480 16.200 13.460 14.030 15.980
FS 13.060 15.740 15.830 14.260 14.040 15.420
FO 6.050 3.580 3.520 4.690 4.620 2.S80
FA 5.470 3.770 3.790 5.470 5.030 3.170
ILH 6.990 6.610 6.550 5.940 6.700 7.980
CHR .370 .310 .320 .240 .310 .380
C O R - - - - - -
13
TABLE 1. - CONTINUED
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TABLE 2. 6LASS ANALYSES - II. FECUNDITATIS TYPE B























































































































































































































































































































































































TABLE 3. GLASS ANALYSES .III. HIGHLAND BASALT
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TABLE 4. GLASS ANALYSES - IV. HIGHLAND ANORTHOSITE
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TABLE 5. GLASS ANALYSES - V. POTASS1C GRANITE







































































































SI IV 1.944 1.949 1.975
AL IV .039 .040 .025
AL VI - - .017
CR VI .010 .014 .015
TI VI .017 .009 .004
FE VI .427 .489 .595
KG VI 1.470 1.426 1.257
KN VI .006 .008 .010
CA VI .102 .079 .095
NA VI - .001
WO T05I 7040 7049
EN .735 .715 .646
FS .214 .245 .305
35
TABLE 7. PYROXENE ANALYSES - It. CAO 3.0 TO 7.0


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE 8. PYROXENE ANALYSES - III. CAO GREATER THAN 7.0
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE 9. PYROXENE ANALYSES - IV. TRAVERSES IN FRAGMENT A




















































































































































































































































































































































































































































































































































































































































































TABLE 10. PYROXENE ANALYSES - V. TRAVERSES IN FRAGMENT 0
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G3A2LF024B A3A1AF0250 G3A2LF356A 63A2AF124A A3A4FF278A A3A3AF110A
SI02 43.23 43.53 42.47 43.54 43.03 40.53
AL203 35.24 35.37 35.10 35.58 36.40 35.11
FEO .15 .22 .36 .04 .12 .97
CAO 19.75 19.77 19.78 19.83 19.91 20.34
NA20 .48 .50 .43 .46 .25 .04
K20 .03 .06 .02 .03 .02 .00
TOTAL 98.88 99.45 93.16 99.48 99.73 96.99
SI IV 2.028 2.031 2.011 2.028 2.000 1.956
AL IV
AL 1.948 1.945 1.959 1.954 1.994 1.997
FE .006 .009 .014 .002 .005 .039
K .002 .004 .001 .002 .001
CA .993 .988 1.004 .990 .992 1.052
NA .044 .045 .039 .041 .022 .004
OR 7002 To03 .001 .002 .001
AB .042 .044 .038 .040 .022 .004
AN .956 .953 .961 .958 .977 .996
97
TABLE 12. OLIVINE ANALYSES














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































'. - - •'






































































































































































































































































































































• . j —
.002
.950
1 . 04 1
.010









































































































































































































































































































































TABLE 13. OPAQUE MINERAL ANALYSES - I. SPINELS








































































































































































































































































































































































































































































































































































TABLE 14. OPAQUE MINERAL ANALYSES - II. ILMENITES



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CR .029 .058 .055
AL .036
TI 4.096 4.047 4.050
FE 3.537 3.474 3.215
MG .215 .313 .520
UN .013 .032 .028
126
NASA MSC 127
